This paper examines the link between the health indicators and the environmental variables for a cross-section of countries widely dispersed on the economic development spectrum. While environment and income are seen to have an inverted-U shaped relationship (Environmental Kuznets Curve (EKC) hypothesis), it is also well established that environment and health are positively related. Our study focuses on the implications of this for the relationship between health and income. In the early phases of income growth, the gains in health and the losses in environmental quality could cancel each other out and this challenges the idea that as incomes increase health would always improve. To empirically analyse these issues, we estimate a two-stage least squares model that focuses on the impact of income and the environment on health status, with environment being an endogenous variable. Our results show that the environmental stress variable has a significant negative effect on health status. At the same time, gross national product (GNP) levels are shown to vary positively with health status variables. We find that the health gains obtained through improved incomes can be negated to a significant extent if the indirect effect of income acting via the environment is ignored. Research findings in this regard would be a useful policy instrument towards maximising both the environmental and health gains that come with economic growth and development.
Introduction
Is economic growth part of the solution rather than the cause of environmental problems? This question has been raised very often in recent years as empirical evidence in support of the Environmental Kuznets Curve (EKC) hypothesis mount. 1 The EKC (Grossman, 1995; Grossman and Kreuger, 1995) describes the relationship between declining environmental quality and income as an inverted-U, that is, in the course of economic growth and development, environmental quality initially worsens but ultimately improves with improvements in income levels. For instance, Torras and Boyce (1998) show that the level of air pollutants (sulphur dioxide and smoke) peak at a per capita income in the neighbourhood of US $4000, after which they start falling.
One of the explanations for the EKC relationship is that the environment can be thought of as a luxury good. In the early stages of economic development, a country would be unwilling to trade consumption for investment in environmental regulation, hence environmental quality declines. Once the country reaches a threshold level of income, its citizens start to demand improvements in environmental quality and this leads to the implementation of policies for environmental protection and, eventually, to reductions in pollution. Increasing levels of pollution are thus strongly associated with both poor and developing economies, while declining levels of pollution are more commonly observed for their developed counterparts.
2 Another explanation of the EKC hypothesis is that countries pass through technological life cycles, as they move from agriculturebased economies to service-based systems. As the service sector is associated with lower environmental impact, this transition from high polluting to low polluting technology leads to less environmental stress. Hence, in the long run, pollution levels are expected to improve with incomes. This argument has been used to justify the pursuit of growth strategies that do not give due consideration to their effect on the environment.
In this paper, we argue that this strategy is not justified and provide some evidence to support our case. We test the hypothesis that larger economic and social gains can be attained by an economy if the growth strategy adopted incorporates, rather than ignores, environmental concerns. To do this, we include health as the intervening variable in the analysis. While environment and income are seen to have an inverted-U shaped relationship, it is also well established that health and environment are positively related. What does this imply for the relationship between health and income? It is possible that in the early phases of income growth, the gains in health and the losses in environmental quality cancel each other out and this challenges the idea that as incomes increase, health would always improve.
In view of the above, we argue in this paper that the recorded health gains brought about by the improvement in income levels do not represent the total realisable health benefits from having higher per capita income. Without the appropriate environmental protection policies, damages to a country's physical environment are incurred during the process of income growth and economic development. This negatively affects the health and well-being of individuals in the country and the aggregated impact could negate some of the health gains already derived, and hence dampen achievement levels in the health area. If we find that this argument has some empirical support, it would imply that development policies addressing environmental issues are effectively also addressing the health issues of the economy. In that case, policies that pursue economic development cannot afford to ignore environmental issues, particularly in the early phases of economic growth.
We look at recent evidence from a cross-section of countries to determine if this is indeed the case. While there are some studies (for example, Cropper et al., 1997 ) that look at the incidences of air 1 The original Kuznets curve refers to an inverted-U shaped relationship between per capita income and inequality observed by Kuznets (1955) .
2 For example, Grossman and Kreuger (1995) found evidence in support for the EKC hypothesis for 12 of the 14 air and water quality variables for a cross-section of countries.
or water pollution-related diseases in a particular region or country, this is one of the first papers to analyse the link between the health indicators and the environmental variables for a cross-section of countries widely dispersed on the economic development spectrum.
The major contributions of this paper are the following. 1. To establish the link between health and environment. While this link has been suggested before, to the best of our knowledge it has not been explored for different countries. 2. To explore the differential impact on health of several environmental stress variables. The standard practice is to focus on just one variable, normally CO 2 emissions. We attempt to make our findings and conclusions more robust by including several other pollutants and environmental damage indicators in the analysis. 3. To analyse the shape of the EKC curve and the health relationship using alternative functional forms to determine which among them best fits the data. The rest of the paper is organised as follows. Section 2 surveys the related literature on the relationship between income levels and environmental stress and the link between income levels and health status. Section 3 describes the analytical framework and the estimation methodology used in the paper. Section 4 summarises the data used in the analysis. Section 5 discusses the results from the estimation, and Section 6 concludes. Panayotou (1993) , Selden and Song (1994) and Grossman and Kreuger (1995) presented initial evidence that some pollutants follow an inverted-U shaped curve with respect to income. This was widely interpreted (for example, World Bank, 1992) to mean that the surest way to improve a country's physical environment is to increase income levels. More recent work has focused on factors other than income as explanatory variables in analysing variations in environmental stress in different countries. Kaufmann et al. (1998) , Torras and Boyce (1998) , Suri and Chapman (1998) and Agras and Chapman (1999) argue that the EKC's previously estimated could be due to important missing variables. Kaufmann et al. (1998) stress the importance of spatial intensity of economic activity, Torras and Boyce (1998) explore the effects of social factors like civil rights, income inequality and education, while Suri and Chapman (1998) and Agras and Chapman (1999) find that trade-related variables and the price of energy have significant explanatory power. Most of the papers mentioned use linear or a log linear functional relationship between emissions and income. An exception is Galeotti and Lanza (1999) , which studied relationships based on the gamma distribution. The current state of the research on the EKC is unable to conclude if the EKC hypothesis is confirmed or rejected.
Related literature survey
With regards to health, there exists a large literature that has analysed the relationship between income and health using cross-country data (for example, Gerdtham et al., 1992; Chakrabarti and Rao, 1999) . A number of previous studies in this literature have found an economically and statistically significant and negative income elasticity of infant mortality rate (see for example, Flegg, 1982; Parpel and Pillai, 1986; Hill and King, 1992; Kakwani, 1993; Subbarao and Raney, 1995; Pritchett and Summers, 1996) . Similarly, research on life expectancy and income has shown that there is a positive relationship between increases in income and life expectancy, with income elasticity of life expectancy estimated to be significant and positive (Preston, 1980; Hill and King, 1992) . Most of these studies also control for other factors that affect health status such as the accessibility of health services and education levels of the population.
Analytical framework
In this paper, we are interested in how the interplay between income and the environment affect the health outcomes of a population. Generally, it is assumed that health outcomes for a population improve as the economy grows and develops. Such improvements are facilitated by the rise in general standard of living, including improved access to educational opportunities and health services. One's health is also seen as dependent on the quality of his or her physical environment -such as the amount of air pollution or the quality of drinking water. At the same time, the quality of a country's physical environment is a result of certain growth factors in the economy. These include, for instance, the more intensive use of land, forest and water resources to increase overall economic production. Air pollution levels are also bound to increase as production levels rise. Increase in population numbers is another important factor in this context. The relationships discussed above are summarised in the following general model:
which states that an economy's health status (H i ) depends on its level of economic growth (X i ), the quality of its environment (E i ) and other social factors (W i ) including the provision and access to health facilities. Z i is used to denote the factors that determine the quality of the environment. Within this framework, we test the relevance of the EKC hypothesis, captured in the term E i (X i , Z i ), and how it impacts on the health outcomes for a country's population. To empirically analyse these issues, the following econometric model is formulated for country i:
where E i refers to the overall level of environmental stress in the economy; H i refers to health status of the population; X i pertains to the country's level of economic growth; Z i , are non-income variables that impact on the environment; W i , are variables that directly influence health such as provision and access to medical facilities, etc.; u i , e i , are the error terms. Eq. (2) is the EKC, where the dependence of environmental quality on economic growth is represented in a cubic relationship. The inverted-U shaped EKC requires i 11 to be positive and i 12 to be negative. A cubic income term is added to test the proposition from recent research that environmental quality tends to increase once again with extremely high incomes (De Bruyn et al., 1998) . The upward bend of the Kuznets curve at the very high-income levels will be captured by the i 13 term, which is expected to have a positive sign. The Z i term captures the effects of non-income variables such as population levels, literacy rates and income inequality, which are thought to significantly influence environmental outcomes. For example, countries with higher population densities are expected to suffer from greater environmental stress as there would be more people sharing the existing environmental resources. A country's level of urbanisation is also thought to negatively impact on the environment, although it is possible that urbanisation can bring improved waste disposal and sanitation provisions for the urban areas, and hence mitigate the detrimental environmental effects of an increase in population. Further, there are strong grounds for believing that the education levels of the population are positively associated with better environmental quality, while is not clear in which direction the gap between the rich and the poor influences the environment. In previous research, increases in the inequality of income distribution have been associated with higher levels of pollution, as those who benefit from pollution-generating activities are better able to prevail against those who bear the costs (Torras and Boyce, 1998) . However, this hypothesis has been challenged by Scruggs (1998) , who suggests that it is impossible to make generalisations about the effect of income distribution on environmental degradation without having more information about the preferences of different income groups.
Eq. (3) postulates that the population's overall health and general well-being is dependent on three factors, the country's level of economic growth; the availability and accessibility of medical facilities; and the quality of the country's physical environment. X i and E i are the same variables defined in Eq. (2) while W i captures all other variables thought relevant to health such as number of doctors and other medical workers, immunisation levels, as well as literacy rates and other population-related factors.
The quality of the physical environment is included here as an endogenous variable. We expect that health indicators would show an improvement with better availability of health care services and with higher rates of child immunisation. Urbanisation being an indicator of modernisation could lead to improved health, as there might be easier access to sophisticated health facilities. However, it is also possible that the same could impact negatively on health quality as urbanisation very often leads to overcrowding, poor sanitation levels and hence more health ailments. We expect higher educational levels to improve health quality as education lowers the cost of information, and people with higher levels of education might have a better understanding of the value of public health infrastructure and are better able to locate and utilise these services. In particular, education has often been cited for its strong effect on reducing child mortality (for example, Mellington and Cameron, 1999) .
In the above model, the structural equations are clearly identified given that E i and H i are the only endogenous variables in the system while the rest (X i , Z i and W i ) are taken to be exogenous. The equations are then estimated using general twostage least squares estimation methods. The results obtained are subjected to a robustness test with regards to functional forms and to different assumptions made regarding the type and nature of the variables used. The coefficients from the estimated equations will indicate if environmental variables play an important role in improving health outcomes in a country.
Data
The data used in this paper are obtained from the World Development Indicators (1998), compiled by the World Bank. Summary statistics of these data and the units of measurement used are presented in Table 1 . There are a total of 51 countries included in the analysis, covering more than 70% of the world's population (Appendix A).
3 Twenty-two of the 51 countries (43%) come from the high-income OECD set, but the population composition is dominated by those in the low-income countries, with the inclusion of China and India in this group.
There are a number of environmental stress variables that are available for analysis. The air pollutants for which data are available are carbon dioxide (CO 2 ), sulphur dioxide (SO 2 ), nitrogen oxides (NO x ) and total suspended particulates (TSP). 4 Commercial energy use (ENPC) is taken to be another environmental indicator. For water pollution, we use data on emission levels of organic pollutants (EMW) while data on deforestation rates (DEFRTE) have also been obtained from the World Bank. CO 2 emissions and ENPC are very high for richer countries compared with low-income countries. Other air pollutants like SO 2 , NO x and TSP are significantly higher for low-income countries than for the high-income countries in the sample. This could be due to the fact that richer countries have already in place environmental regulations targeting these pollutants, while this has yet to be implemented for poorer countries. EMW and DEFRTE are much higher for low-income countries for similar reasons.
The link of the environment with the country's level of economic growth is analysed using the country's gross national product (GNP) per capita, purchasing power parity, as the proxy variable for the latter.
5 Population factors are controlled for the estimation through the coun-4 The data for SO 2 , NO x and TSP were provided at the city level not the country level. We obtain the country level data using the city's population as a proportion of the country's population. 5 It is acknowledged here that gross national product is just one aspect of economic growth and development, and that other more broad based measures (for example, the Human Development Index or HDI) are available. We nonetheless use GNP in this analysis to facilitate comparison with previous EKC studies. It is noted that GNP is highly correlated with HDI values for the countries covered in this study (z= 0.82), therefore, results should be robust between these two variables. For more details on the importance of alternative measures of income and growth on the EKC relationship, see Munasinghe (1999) . [1990] [1991] [1992] [1993] [1994] [1995] a Data were derived from World Development Indicators, WDI (1998), except for HLE and DOC which were taken from the World Health Organisation. All variables are for year 1996 unless otherwise indicated. Gini coefficients for a few countries (missing in the WDI) were obtained from Deininger and Squire (1996) .
b Denote x as the per capita income. This grouping thus classifies countries in the high income category if (x]$12 000), medium if ($45005xB$12 000) and low if (xB$4500). c EDU refers to secondary level (1995), CO 2 expressed in metric tons (1995), TSP, SO 2 and NO x in kg/m 3 (1995), EMW in kg/day (1993), and ENPC in kg of oil equivalent (1995).
try's population density levels (POPDEN) and the overall degree of urbanisation (UPOP). Secondary school enrollment ratios (EDU) proxy for the literacy rate in the country, and the gap between the rich and the poor as measured by the Gini coefficient (GINI) is used as the indicator of income inequality in the country.
The main health status indicators used are life expectancy (LEXP) and infant mortality rates (IMR). Life expectancy is a popular indicator of health although it is not without problems. Feachem et al. (1992) show that the causes of death in adults are much less likely to decrease with increases in per capita income; it may, in fact, increase. For example, many adult deaths could be due to motor vehicle accidents, use of tobacco and alcohol, excessive consumption of food products related to heart disease, and all these tend to rise with income. Infant mortality is a good alternative indicator as it avoids the potentially more severe reverse causation problems associated with the relationship between adult health and income growth. The mortality rate of children under 5 years of age is usually used as an indicator of child well-being (UNICEF, 1991 and . This welfare measure, which we refer to as child mortality rate (CMR), is used as another main health indicator here. 6 To account for ill health in life expectancy, we use a new variable developed by the World Health Organisation called healthy life expectancy (HLE). To calculate HLE, the years of ill health are weighted according to severity and subtracted from the expected overall life expectancy to give the equivalent years of healthy life. This indicator is also known as the disability adjusted life expectancy (DALE) and it summarises the expected number of years to be lived in what might be termed the equivalent of 'full health '. 7 For all the countries in the sample, the average rate of infant mortality is 19 deaths per 1000 live births. However, this rate shoots up to 59 deaths per 1000 live births in Africa and 44 deaths per 1000 births in the Middle East. The African rate is extremely high, and far exceeds the average levels computed for all the other regions -more than double the rate for Asia and Latin America and seven times higher than that of the advanced countries of Europe and North America. Income inequality, measured using Gini coefficients, was supplemented from Deininger and Squire (1996) . The data show that income inequality is highest in Latin America and Africa, and lowest in Europe and North America.
8 Table 2 presents the correlation between the environmental indicators relating to air pollution. CO 2 emissions and ENPC are noted to have a very high positive correlation, while ENPC and CO 2 emissions have a weak negative relationship with the emission levels of SO 2 , TSP and NO x , which are local pollutants. This may be a bit There exist alternative data sources for the variables used in this paper. For example, the World Resources Institute (WRI) provides data on the environment, health and the economy (http://www.wri.org/wri/facts/data-tables.html). WRI data on air pollution is very similar to the kind we use as it is available for a few years, but not over time. The data on water pollution is of better quality in our current source (i.e. World Development Indicators, 1998) compared with that of the WRI. Further, WRI data for water pollution is for different years for different countries, with a time span difference of up to 13 years in some cases. Such disparate data would not lend itself to cross-country comparisons, as we require in this study. 7 We would like to thank an anonymous referee for bringing this to our attention. 8 The Gini coefficient does have some limitations as a measure of income inequality. Torras and Boyce (1998), Magnani (2000) discuss some of these limitations, and it is sometimes suggested that the ratio of the income shares of the first and fourth quintile of the income distribution might be a better measure of income inequality. In this paper, however, the use of a general measure such as the Gini coefficient is sufficient, as the focus of this paper is not on inequality but on impact of environmental stress on health outcomes. coefficients are jointly significant. Fig. 1 shows how CO 2 emissions and ENPC levels change with increasing per capita income. At income levels below $5000, environmental stress is seen to increase with energy use increasing much more than carbon dioxide emissions. These emission levels peak at around the $6000 mark, after which energy use plateaus while CO 2 emissions decrease until income levels reach $18 000. After this critical income point, rapid rates of increase in energy use and CO 2 emission levels are observed. These results contrast with the standard EKC curve in that we do not find an inverted-U curve. 10 Rather, we find that the curve is a flattened inverse-S shaped curve where the slope is mostly positive everywhere, except for the inflection point where the slope is zero. The inverse-S shape is observed for both CO 2 and ENPC variables, with ENPC levels showing larger rates of change over the income scale, that is, the CO 2 curve is flatter and less variable.
The results imply that we can partition the environmental stress experience of countries into distinct phases. During the first phase when per capita incomes are low, environmental stress is shown to increase but at a diminishing rate. During the second phase when per capita incomes are higher, environmental stress levels appear controlled and no increases are observed. The third phase occurs at extremely high incomes when emissions increase again and escalate rapidly. This implies that the impact of income on the environment is more significant at the extreme ends of the income scale. In particular, the results show that very low and very high-income countries tend to experience increasing stress levels in their environmental conditions, while there is relatively little change in the environmental stress levels for the middle-income countries.
The results further show that population density level and levels of urbanisation are both positively related to environmental stress while the level of income inequality is inversely related to environmental quality. Hence, as a country gets more surprising, as we would expect that a rise in energy consumption would be accompanied by a rise in pollutant emissions. Suri and Chapman (1998) explain this seemingly inconsistent result by suggesting that it is possible for energy consumption to keep rising but for emission levels of local pollutants to fall, as would be the case when end-of-pipe technology like scrubbers are used to reduce local pollutants. As the existing policies to abate local pollution often concentrate on end-ofpipe methods and not on reducing energy consumption or emission levels, it should not surprising that energy use and CO 2 emissions are not being reduced along with reductions in the levels of local pollutants. Table 3 presents results from the estimation of the environmental equation (Eq. (2)). It is seen that per capita income, population density, country's level of urbanisation, inequality in the distribution of income as well as level of education exert significant influences on a country's level of environmental stress. The results are particularly strong when CO 2 emissions and ENPC are used as the dependent variables. In the case of CO 2 , we find that when all other influences are taken to be constant, a $1000 increase in per capita GNP increases the per capita CO 2 emission level by 1 metric ton. For ENPC, a 255 kg in oil equivalent increase in energy use results from a $1000 increase in per capita GNP.
Results
9 The F-test shows that the crowded (more people on a fixed area of land), the higher will be their CO 2 emissions and per capita energy use. This can be due to the fact that as population density increases, there is increasing pressure to use the existing land more intensively. The creation of multi-storey residential and commercial buildings in high population density countries is a good example of this problem. Lifestyle adjustments for residents in these countries imply more energy consumption and this leads to abnormally high levels of CO 2 emissions. Singapore is a case in point; its population density in 1996 was 4990 persons per km 2 and the commercial energy use was 7162 kg of oil equivalent per capita. In contrast, the corresponding average levels for our sample of 51 countries are 206 and 2850, respectively. Clearly, the high population density in Singapore exerts a major influence on its extremely high level of energy use. Further, the percentage of population living in urban areas (UPOP) impacts positively on the levels of CO 2 and ENPC, with emissions rising as urban population increases.
We observe a positive coefficient for the education variable (EDU), which runs counter to expectations. The results show that higher levels of education aggravate, rather than improve, environmental conditions. On the other hand, any improvement in the inequalities between the rich and the poor is found to be detrimental to the environment. While counter intuitive in the first instance, this makes empirical sense because a move towards more equal standards of living implies more people are able to afford the use of electricity, cars and other luxuries -which leads to increased energy use.
11 For such a cross-section of countries, the explanatory power of these two models is fairly high (adjusted R 2 = 67% for CO 2 and 79% for ENPC).
Eq. (2) was also estimated using data on other specific pollutants such as TSP, SO 2 , NO x , EMW and DEFRTE. The magnitude and signs of the estimated coefficients are very sensitive to the pollutant used, and are very unstable. Further, the explanatory power of the models are greatly reduced with F-test results simultaneously indicating inappropriate models. We note that many environmental studies used CO 2 and ENPC precisely because the data on these variables are well developed. Also, we note here that trend results are similar for CO 2 and ENPC because CO 2 is a major component of ENPC. As seen in Table 2 , these two environmental stress variables have a high and positive correlation between them.
Impact on health
Results of the two-stage least squares (2SLS) estimation of Eq. (3) are presented in Tables 4 and  5 . In these estimations, we use alternative indicators of a population's health status -namely, life expectancy (LEXP), healthy life expectancy (HLE), infant mortality rate (IMR) and child mortality rate (CMR) -and treat the environmental stress variable as endogenous. We find that if we ignore the potential endogeniety of the environmental variables, the results obtained are inconsistent. The Davidson and MacKinnon (1993) augmented regression test shows that the null hypothesis of an exogenous environmental stress variable is strongly rejected for all the alternative types of pollutants.
12 Table 6 presents the coefficients of the environmental stress variables for the different health indicators and compares the OLS and the 2SLS estimates. The coefficients obtained from the 2SLS estimation have signs in the expected direction and the magnitudes are larger compared with the coefficients from the OLS estimation. This implies that the impact of the environmental stress variable on 11 This issue has been analysed in greater detail in Torras and Boyce (1998) , Scruggs (1998) with mixed results. While Torras and Boyce (1998) find that more equitable distributions of income and power tend to result in better environmental quality, Scruggs (1998) shows that equality does not necessarily lead to lower environmental degradation. Magnani (2000) finds that higher levels of income would increase environmental quality provided the negative effect of production of goods and services on pollution levels is more than counterbalanced by the positive effect of growth on the demand for pollution abatement policy. The demand for environmental quality will be affected by inequality levels in the country. As the level of per capita income increases above a critical level, income equality becomes positively correlated with environmental protection; however, beyond a certain threshold level of income, the correlation between income and environmental protection turns negative. 12 The augmented regression is formed by including the predicted value of the endogenous right-hand side variable as a function of the all exogenous variables, in a regression of the original model. health is bigger when we take the endogeniety into account. The t-statistic from the DavidsonMackinnon augmented regression test for exogeneity shows that the null hypothesis of exogeneity is rejected at the 5% significance level. Panel A in Table 4 presents the results when life expectancy is the health indicator used. In general, the environmental stress variables have the correct sign (negative) and are significant for certain pollutants such as CO 2 , EMW, ENPC and DEFRTE.
13 GNP is always significant and increases in income levels lead to an increase in life expectancy. The level of immunisation (IMM) is seen to increase life expectancy when the pollutant used is CO 2 or ENPC. Education level (EDU) does not seem to be significant for improving health. The availability of doctors (DOC) as a proportion of the population has a significant impact on improving life expectancy, particularly for the CO 2 , ENPC and EMW pollutants. When the health indicator used is healthy life expectancy (panel B of Table 4), the results are similar. The availability of doctors increases healthy life expectancy significantly; the absolute impact (measured by size of the coefficients) of this variable is also greater with HLE, as the dependent variable. The impact of urbanisation (UPOP) on health is large and significant particularly for HLE as the dependent variable. This positive impact reflects the society's benefits from improvements in the provision of better waste disposal and sanitation facilities, which would come with urbanisation.
When infant mortality is taken as the health indicator (panel A of Table 5 ), we find that increases in TSP emissions and water pollutant emissions levels lead to significantly high infant mortality. Coefficients derived from the estimation of the model using the child mortality rates are very similar to the infant mortality results (panel B of Table 5 ). In general, the results show that income, immunisation rates, access to doctors and urbanisation levels all make large positive and significant impacts on both infant and child mortality rates. Only the education variable fails to make a significant impact on mortality rates.
We also use log linear models to check for robustness of results. Per capita GNP, purchasing power parity, is found to be significant in all cases in improving health. Using log TSP, log SO 2 , log NO x and log EMW as the environmental stress variable, it is found that the coefficients are negative and significant (for log SO 2 and log NO x ) in explaining health outcomes. Hence, the environmental variable is significant in explaining changes in health levels in a population. The estimated coefficients for log CO 2 and log ENPC, however, have positive coefficients and are significant. This is contrary to what we would expect. We find, therefore, that in some cases the results could be sensitive to the functional form used. 
Conclusion and further research
In this paper, we examine the links between health status, income and environmental indicators of a country. We first look at the relationship between environment and income -the EKC hypothesis. We find that low-income countries cannot simply postpone attending to environmental concerns in the hope that the environment will eventually improve with increased incomes. Health is a significant intervening variable and isolating the impact of environment on health is very important, particularly in the context of developing countries. Our results show that the gains in health obtained through improved incomes can be negated to a significant extent if the indirect effect of income, acting via the environ-ment, is ignored. This study thus shows that policy makers who have chosen to pursue rapid growth strategies at the expense of the environment are not delivering the full realisable health gains that can be derived from higher incomes. Also environmental damage is bound to result in health problems for the domestic population. A less healthy labour force will not be able to increase productivity levels, and hence result in lesser income for the economy. Addressing chronic health problems for the population is also costly and will divert valuable resources from income generating investment projects. Clearly, policies for growth must incorporate appropriate programs for protection of the country's natural environment and this does not have to be at odds with growth and development targets.
One of the ways this research can be extended is to obtain time series data on environmental indicators and health status for varied countries along the development spectrum. As we are interested in different kinds of environmental and health indicators, obtaining data for all these indicators for many years is quite challenging. Most developing countries do not keep records of environmental variables, and this hampers our objective here. However, with the continued improvements in data availability, over time this problem will be reduced and research on this can be encouraged. A second extension is to create a single indicator or index that could capture the overall quality of a country's physical environment. Such an index would be useful for analysing environmental issues within a country and can also provide important insights for cross-country trends. A third extension would be to study the impact of environmental policies on income or growth in a country and whether it has an impact on the health outcomes. This could help us in understanding whether the pursuit of pro-environmental policies would have beneficial or adverse effects on growth itself. This could be examined using a three-equation system with income, environmental stress and health being endogenous variables. 
